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(57) ABSTRACT

Load manipulator comprising a boom arm (1) and a return
arm (3) parallel to each other, a loading bar (2) and a
counterbar (4) so as to form a deformable parallelogram, an
approximately horizontal pivot axis on which one of the
arms of the parallelogram is articulated, and balancing
means (8) applying a force at an compensation application
point (C) to compensate for the force due to the load, said
point being a point on the return arm (3) and a point on the
counterbar such that it is always in line with point (M) on the
loading bar at which the force due to the load is applied and
the rotation axis, in which the balancing means (8) comprise
a first counterweight (10) and a second counterweight (12)
and a jack to compensate for the value of the force due to the
load, the first counterweight (10) and the jack applying a
force onto the compensation application point (C) and the
second counterweight (12) applying a force on the boom
arm (1).
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1
LOAD MANIPULATOR WITH IMPROVED
BALANCING

TECHNICAL FIELD AND PRIOR ART

This invention relates to a manipulator to move a load in
a balanced state with improved balancing.

A manipulator is an articulated system capable of han-
dling a load within a defined work space. The system is such
that it balances the weight of the load so as to enable free
gestural handling with several degrees of freedom.

In practice, the mass of the manipulator is of the same
order of magnitude as its load capacity. Consequently, it is
important to consider balancing of the structure as well as
that of the load.

There are manipulators based on the principle of a
deformable parallelogram. For example, such a manipulator
is disclosed in document FR 2 754 527. This manipulator
comprises a boom arm and a return arm mounted parallel to
each other and hinged at their ends by a loading bar and by
a counterbar and forming a deformable parallelogram, the
loading bar having a point of application of a force due the
load, at its free end. One of the arms of the parallelogram is
articulated on an approximately horizontal pivot axis sup-
ported by a frame. It also comprises a compensator to apply
a compensating force for a given value of the load. This
compensator acts at a point such that it is always in line with
the pivot axis and the application point of the force due to
the load. This compensator comprises an appropriate coun-
terweight to balance the weight of the apparatus at no load
and for example traction means to generate a compensating
force when the load is not zero.

Calculations show that the value of the counterweight and
its position on the counterbar are calculated only as a
function of the geometry and the weight of the parts forming
the system. Manufacturing of such a manipulator can be
complex, particularly due to dimensional constraints. Once
the geometry of the manipulator has been defined, which
may for example be imposed by the function and the work
space in which it is constrained, the position of the coun-
terweight is imposed and for example may be located
several meters from the rotation axis without it being
possible to modify it. The counterweight then makes the
manipulator very cumbersome and hinders its manipulation.

It would be preferable to be able to adjust the position and
the value of the counterweight to take account of manufac-
turing uncertainties in balancing, however in practice it
would be complex to adjust the value.

PRESENTATION OF THE INVENTION

Consequently, one purpose of this invention is to disclose
manipulator with a simple design and with a low cost price
providing perfect compensation of the weight of the manipu-
lator and the handled load at all points in the work space.

The purpose of this invention is achieved by a manipu-
lator of the deformable parallelogram type comprising a
boom arm and a return arm mounted parallel to each other
and articulated at their ends by a loading bar and a coun-
terbar and forming a deformable parallelogram, the paral-
lelogram being articulated on a frame about an approxi-
mately horizontal axis, means of applying a load
compensating force, and means of compensating the weight
of the manipulator structure at no load. The compensating
means comprise at least two counterweights, a first coun-
terweight the weight of which is applied at an application
point in line with the application point of the force due to the
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2

load, and the point defined by the intersection of the hori-
zontal axis and the plane containing the deformable paral-
lelogram, regardless of the position of the load, and a second
counterweight the weight of which is applied onto the boom
arm or the return arm. The means of applying a force
compensating the load to be compensated apply their force
at the compensation application point.

With the invention and through the use of several coun-
terweights, a degree of freedom is achieved in the calcula-
tion of the value and the position of these counterweights.
This degree of freedom means that counterweights can be
arranged so that the system occupies the least possible space
during operation. The structure balancing function and the
load balancing function of the manipulator are also separate.

In this application, “means forming counterweights”
denote means capable of applying a force to balance the
manipulator at no load. This may relate to elements for
which the force is generated by their weight. This may also
relate to springs fixed to the return arm and the boom arm so
as to apply a force capable of balancing the manipulator at
no load.

In one particularly advantageous embodiment, the
manipulator comprises two additional counterweights one of
which is arranged on the counterbar and the other on the
return arm, these counterweights having an adjustable posi-
tion.

These counterweights enable precise balancing of the
manipulator at no load, which means that compensation
proportional to the weight of the load can be applied, i.e. the
function relating the force applied by the load and the
compensating force is a linear function. They can also
eliminate uncertainties in manufacturing the system.

Furthermore, the positions of counterweights are adjusted
sequentially and not coupled to each other. This results in a
simple and precise balancing procedure.

The subject-matter of this invention is then a load
manipulator comprising a boom arm and a return arm
mounted parallel to each other and articulated at their ends
by a loading bar and a counterbar so as to form a deformable
parallelogram, an approximately horizontal rotation axis on
which the boom arm or the return arm is articulated, the
rotation axis being supported by a frame, the rotation axis
intersecting the boom arm or the return arm and balancing
means applying forces including a force to compensate for
a given value of the force due to the load at an application
point called the compensation application point, said com-
pensation application point being a point on the counterbar
and/or the non-articulated arm about the rotation axis such
that it is always in line with a point of the loading bar at
which the force due to the load is applied and a point on the
rotation axis located in the plane of the deformable paral-
lelogram, in which the balancing means comprise a first
counterweight and a second counterweight designed to
balance the manipulator at no load and means for compen-
sating the value of the force due to the load, the weight of
the first counterweight and the force compensating the value
of the force due to the load being applied on the compen-
sation application point and the weight of the second coun-
terweight being applied on the arm articulated about the
rotation axis.

In one particularly advantageous example, the manipula-
tor comprises a third counterweight and a fourth counter-
weight, the third counterweight being supported by the
return arm not articulated about the rotation axis and the
fourth counterweight being supported by the counterbar, the
value of the third counterweight and the value and the
position of the fourth counterweight being chosen such that
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the value of the balancing force applied at the compensation
application point is a linear function of the force applied by
the load on the loading bar and the position of the third
counterweight being chosen so as to compensate for the
effect of the fourth counterweight on balancing of the
manipulator.

Advantageously the third counterweight has an adjustable
position along the return arm that supports it and the fourth
counterweight also has an adjustable position along the
counterbar. In this case, the counterweights are not calcu-
lated very precisely (the value of the second counterweight
may be a integer multiple of a given mass, for example if
identical plates are stacked on each other) and the adjust-
ment of the positions of the third and fourth counterweights
can overcome this inaccuracy and manufacturing inaccura-
cies.

In another embodiment, the counterweights are replaced
by spring systems.

For example, the compensation application point is
located at the articulation point of the unarticulated arm
about the rotation axis and the counterbar and in which the
second counterweight is connected to a free end of the
articulated arm about the rotation axis opposite the end
articulated on the loading bar.

The means of compensating for the value of the force due
to the load may for example be composed of traction means.
These traction means may consist of a jack with a rod that
applies a force at the application point. The first counter-
weight is then advantageously mounted around the jack rod.

Advantageously, the frame is free to rotate about an
approximately vertical axis and/or along at least one hori-
zontal axis. A drive device may be provided to move the
frame in rotation about an approximately vertical axis and/or
along at least one horizontal axis.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will be better understood after reading the
following description and the appended drawings in which:

FIG. 1 is a side view of an example embodiment of a
manipulator according to this invention;

FIG. 2 is a diagram of the manipulator in FIG. 1, on which
the forces applied on the different elements of the manipu-
lator are shown;

FIG. 3 is a side view of another example embodiment of
a manipulator according to this invention;

FIG. 4 is a partial diagram of the manipulator in FIG. 3,
on which the forces applied on the different elements of the
manipulator are shown;

FIGS. 5 and 6 are side views of another example embodi-
ment of a manipulator according to the invention in which
one of the counterweights is formed by a spring.

DETAILED PRESENTATION OF PARTICULAR
EMBODIMENTS

FIGS. 1 and 2 show an example embodiment of a manipu-
lator according to the invention.

The manipulator comprises a boom arm 1 and a return
arm 3 mounted parallel to each other and articulated at their
ends by a loading bar 2 and a counterbar 4 and forming a
deformable parallelogram. The parallelogram is contained in
a plane that will be approximately vertical.

A first end 2.1 of the loading bar 2 is articulated at a point
E on a first end 3.1 of the return arm 3. A second end 2.2 of
the loading bar 2 forms an application point M of the force
applied by the load to be handled.
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A first end 1.1 of the boom arm 1 is articulated on the
loading bar 2 at a point G located between point E and point
M. The boom arm 1 is mounted articulated on a frame 6
about an approximately horizontal axis. The intersection of
the horizontal axis and the plane of the parallelogram is
denoted O. In the following description, the approximately
horizontal rotation axis will also be denoted O.

The counterbar 4 is articulated through a first end 4.1 on
the boom arm 1 between point O and a second longitudinal
end of the boom arm 1 at a point A, and is articulated on the
return arm 3 at the second longitudinal end 3.2 of the return
arm 3 at point C.

The second end of the boom arm 1 is denoted by the letter
B.

The manipulator also comprises means 8 for performing
balancing at no load, i.e. when there is no load suspended at
M, and in the presence of a load.

The balancing means 8 comprise a first counterweight 10
articulated on the counterbar and on the return arm at point
C, and a second counterweight 12 articulated on the boom
arm 1. In the example shown, the second counterweight 12
is articulated at point B.

In the example shown, the counterweights are formed by
elements with a mass providing balancing.

Furthermore, the balancing means 8 comprise means of
developing a compensating force, i.e., a compensator,
adapted to the load. For example, they may be traction
means. In the example shown in FIG. 1, a jack 14 is used in
which the rod 16 is articulated on the counterbar 4 and on the
boom arm 1 at point C. Advantageously, the first counter-
weight 10 is mounted around the rod 16 of the jack, which
simplifies manufacturing of the manipulator, eliminating an
articulation specific to the first counterweight at point C. The
jack 14 compensates for the effect of the load on the balance
of the manipulator.

A manipulator in which the first counterweight 10 is
connected to point C separate from the jack is within the
scope of this invention. For example, the jack may be a
hydraulic or electric type jack and the means providing a
compensating force may also be formed by one or more
springs.

The compensation application point C could be either on
the unarticulated arm on the rotation axis or on the coun-
terbar and not at the articulation, without going outside the
scope of this invention.

According to another example, the counterweights could
be formed wholly or partly by spring systems to perform the
same balancing functions. FIGS. 5 and 6 show an example
of an embodiment of a manipulator according to the inven-
tion in which the second counterweight 12 is formed by a
spring 22 that applies a force on the boom arm 1. The spring
22 is mounted around a rod 24 articulated on the boom arm
1. The spring bears between one end of the rod 24 and one
part (not visible) forming a stop, articulated in rotation on
the manipulator frame. The rod 24 passes through the part
forming the stop, this part then follows the movement of the
rod 24. Advantageously, the position of the rotation axis of
the part forming the stop is adjustable, which allows an
adjustment to overcome the uncertainty about the stiffness of
the spring. In the example shown, the part forming the stop
is articulated in rotation on elements 28 mounted on the
frame, the position of which can be adjusted to modify the
position of the rotation axis of the part forming the stop.

The first counterweight 10 is formed by a mass, the
weight of which is applied on the return arm 3. As a variant,
it would also be possible for the first counterweight to be
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formed by a spring, or the first counterweight could be
formed by a spring and the second counterweight by a mass.

In the example shown in FIG. 1, the frame is mounted free
to pivot about a vertical axis Z on the ground and is capable
of sliding along two horizontal axes X and Y perpendicular
to each other. The parallelogram then deforms in a plane that
can pivot about the Z axis. These articulations about the Z
axis and along the X and Y horizontal axes do not affect
balancing of the manipulator.

Advantageously, a drive device is used for displacement
of the frame in rotation and/or translation.

In the example shown, the frame 6 is supported on the
ground, the deformable parallelogram being arranged above
the frame. A manipulator for which the frame is for example
suspended from a ceiling, the deformable parallelogram
being located below the frame, is not outside the scope of
this invention.

In FIG. 2, the centres of gravity of each of the elements
1, 2, 3, 4 of the manipulator are denoted G,, G,, G;, G,
respectively.

T is the force applied by the load at point M, I?V is the

force applied by load balancing means at point C, and F_Z is
the force applied by the second counterweight at point B.
The weight of each element 1, 2, 3, 4 is denoted by vectors

- = = —

Py, P,, P, P, respectively.

In the example shown, point B is not on the axis of the
boom arm, and points G, and G, are at distances from this
axis equal to a, b, ¢ respectively.

Vectors t and s denote vectors of module 1 perpendicu-
lar to the boom arm 1 and the loading bar 2 respectively.

E; denotes the reaction of the frame at the horizontal axis
at point O.

When the balance equations of the forces and moments
are written for each of the elements 1, 2, 3, 4, the following
equations are obtained:

{ Ro+F + Pl +Fa  +Fa =0

ﬁAﬁ+ 0G, AF{+%AH+@AI’T{:6

—

Pr+ Py —Fal +F = 0(Fp2 = —Fy)
GGrnPr+GEAFp +GM AF =0

{ P+ Fy3—Fyp + F, =0(F;3 = —F)

EG5 n Py + ECA(F, +Fi3)=0

Py—Fy3—Fy =0
AG APy —ACAFz =0

The balance of moments applied at the boom arm is
written with points with B' and G, ', which are the projections
of B and G1 respectively on (OG):

—. [ OF — OG — —. EC-EG; — - OA )
OGA{— Fob L PP P F -2
0G 0G EC 0G
. EC-EG; — — — - L
(P4—T-P3+FV+P3]}+M(—a-FC+b-Pl):0
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This equation must be verified at all positions (regardless

g —
of OG and t) to obtain:

. 0A D
FC+W-FV:
0G| . OG _. O0G-EGy _. OA _. 0G
e B i bt I I - i
o 'Top ? OF *Tor T op
W F=b P (I

The balance of moments applied at the loading bar is
written:

GGzAﬁ+ﬁA@+mAF:6 (Iv)
Also,
GE Ty = AGy Py + GEn (Fy + ) W
AGYy — — o
=g GEAPi+GEA(Fy+Ps)
Now,
—, VI
GGy =——2.GE+c3 VD)
—  GM —, (VID
et GM =-—GE
GE

Therefore, using equations (IV), (V), (VI) and (VII), we
obtain:

— (GG — AG, — — —. GM o
GEA{—G—EZ-P2+G—L:-P4+FV+P3—E-F}+§AC-P2:0

This equation must be satisfied at all positions, therefore

regardless of the direction of vector (TE>, which implies that
the vector between curly brackets is null.

— —
The term s A c. P, cannot be compensated. Nevertheless,
if we assume that

£ <102,

the effect of this unbalance is unimportant because the
resulting couple is masked by friction of the rotation axis,
preloaded by the weight of the articulated parts.

Consequently, I?V and F_Z satisfy the following equations:

OA —. OG]
o VT 0B 0B’
OG-EGy; — OA — 0G o
—op Pror Ptop”
GM — GGy — — AGy —

ge ftgg -h-Fph

0G (VIID)

—

o+ P+ P+

—

F, = (IX)

CsT
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Provided that

0G GM
OA ~ GE’

a single solution (F_;, F_Z) to the system of equations VIII-IX
is obtained.

The compensating force F ;. depends on the load F, and the
value of the load F is a constant. This equality of the ratio
geometrically represents the alignment of the compensation
application point, the rotation axis and the load application
point.

This condition for equality of dimension ratios is not very
restrictive for manufacturing the system because it only
involves the boom arm 1 and the loading bar 2, and does not
make the manipulator any larger and/or complex to make.

If the compensation application point C is located on the
loading bar or on the counterbar and not at the articulation,
the same type of equalities are obtained on the lengths
reflecting the alignment of the compensation application
point, the rotation axis and the load application point.

We then obtain:

— 0G] — OG GM — X)
c=—F P+ —- P+
OB OB GM
0G - EG; F.+0A AGy — AC 5
OB’ *TGE T o 4
— GM - GG — — AGy —
Fy=—r Ft——x P, -Ps—— P4 XD
GE GE GE

csT

Also, from equation (III), we obtain:

The value of a can then be determined, for example by
measuring parameter b from CAD.

It GG1 is located on segment OG such that b is zero, a is
zero and point B is in line with points A, O and G.

The value of the first counterweight is given by the
modulus of the vector denoted CST (equation XI), and the
value of the second counterweight is given by the modulus

of l?z (equation X). With the invention, the manipulator is
balanced more simply with relatively non-restrictive condi-
tions for manufacturing the manipulator. It is then easy to
make a balanced manipulator taking account of dimensional
constraints.

FIGS. 3 and 4 show another particularly advantageous
example embodiment of a manipulator according to this
invention.

Apart from the first counterweight 10 and the second
counterweight 12, the manipulator also comprises a third
counterweight 18 and a fourth counterweight 20.

The third counterweight 18 is mounted on the second end
3.2 of the return arm 3 and the fourth counterweight 20 is
mounted on the second end 4.2 of the counterbar 4. Each of
the third and fourth counterweights has an adjustable posi-
tion along the axis of the return arm and the counterbar
respectively. For example, the third and fourth counter-
weights are mounted on threads along the return arm 3 and
the counterbar 4 respectively, facilitating position adjust-
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ments. Any other position adjustment means can be envis-
aged, for example a rack and pinion.

The value of the third counterweight 18 and the value and
position of the fourth counterweight 20 are chosen so as to
cancel out the CST term in equation XI. Thus, a linear
function rather than an affine function is obtained between
the value of F- and the value of F. The value of F is then
directly proportional to F. Several families of choices are
possible for these three parameters, and this degree of
freedom can help to reduce the size of the counterweights.

However, the addition of the third and fourth counter-
weights has the effect of modifying the value of F. and
consequently the value of the second counterweight 20. But
the value of the second counterweight is already defined.
Therefore the position of the third counterweight can be
chosen, thus compensating for the addition of the fourth
counterweight in equation X.

We will now describe an example of a method of adjust-
ing the position of the third and fourth counterweights.

After assembling the different parts of the manipulator,
the boom arm 1 is fixed in the vertical position, i.e. segment
[BG,] is positioned vertically in line with the rotation axis.
The fourth counterweight 20 is then moved along axis AC to
balance the loading bar 2.

The boom arm 1 is then released and the third counter-
weight 18 is moved along the straight line (EC). This does
not affect the first balancing that was made, because this

balancing depends on the value of IT;, but does not depend
on the position of Gj.

In the examples shown, the first counterweight 10 applies
its weight on the return arm 3 and the second counterweight
12 applies its weight on the boom arm 1. However, this
configuration is in no way limitative. The opposite configu-
ration could be used in which the return arm 3 is articulated
about point O.

The result is a load manipulator with improved balancing,
while remaining easy to make.

What is claimed is:

1. Load manipulator comprising:

a boom arm and a return arm mounted parallel to each
other and hinged at their ends by a loading bar and by
a counterbar so as to form a deformable parallelogram,

an approximately horizontal rotation axis on which the
boom arm or the return arm is articulated, the rotation
axis being supported by a frame, the rotation axis
intersecting the boom arm or the return arm, the rota-
tion axis not being free to translate relative to the frame
during operation,

and a balancing device applying forces including a force
to compensate for a given value of the force due to the
load, at an application point called the compensation
application point, said compensation application point
being a point on at least one of the counterbar and the
arm among the boom arm and the return arm which is
not articulated about the rotation axis such that it is
always in line with a point of the loading bar at which
the force due to the load is applied and a point on the
rotation axis located in the plane of the deformable
parallelogram, in which the balancing device comprises
a first counterweight and a second counterweight
designed to balance the manipulator at no load and a
compensator for compensating the value of the force
due to the load, the weight of the first counterweight
and the force to compensate the given value of the force
due to the load being applied on the compensation
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application point and the weight of the second coun-
terweight being applied on the arm which is articulated
about the rotation axis.

2. Manipulator according to claim 1, comprising a third
counterweight and a fourth counterweight, the third coun-
terweight being supported by the return arm which is not
articulated about the rotation axis and the fourth counter-
weight being supported by the counterbar, the value of the
third counterweight and the value and the position of the
fourth counterweight being chosen such that the value of the
balancing force applied at the compensation application
point is a linear function of the force applied by the load on
the loading bar and the position of the third counterweight
being chosen so as to compensate for the effect of the fourth
counterweight on balancing of the manipulator at no load,
the third counterweight having an adjustable position along
the return arm that supports it and the fourth counterweight
having an adjustable position along the counterbar.

3. Manipulator according to claim 1, in which all or part
of the counterweights are formed by elements with a mass
providing balancing.

4. Manipulator according to claim 1, in which all or part
of the counterweights are formed by spring systems.

5. Manipulator according to claim 1, in which the com-
pensation application point is located at an articulation point
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of the arm which is not articulated about the rotation axis
and the counterbar and in which the second counterweight is
connected to a free end of the arm which is articulated about
the rotation axis opposite the end articulated on the loading
bar.

6. Manipulator according to claim 1, in which the com-
pensator comprises a traction device developing a compen-
sating force adapted to the value of the load.

7. Manipulator according to claim 6, in which the traction
device comprises a jack with a rod that applies a force at the
compensation application point.

8. Manipulator according to claim 7, in which the first
counterweight is mounted around the rod of the jack.

9. Manipulator according to claim 1, in which the frame
is free to move in at least one of the following directions:
rotate about an approximately vertical axis and translate
along at least one horizontal axis.

10. Manipulator according to claim 9, comprising a drive
device to rotate the frame about the approximately vertical
axis and/or along at least one horizontal axis.

11. Manipulator according to claim 1, in which only one
of the boom arm and the return arm is directly mounted on
the frame.
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